B
oth diabetes mellitus and overweight are established risk factors for all-cause and cardiovascular-specific mortality. Overweight is closely associated with the development and outcome of type 2 diabetes mellitus, and weight control is therefore recommended as a treatment guideline for this disease. Furthermore, any weight gain associated with antidiabetic therapy is considered an undesired side effect. 1 Nevertheless, the relationship between BMI and mortality among patients with type 2 diabetes mellitus remains unclear, 2, 3 and obesity is not associated with worse outcomes in all populations. In some patients, such as those with heart failure, 4 stable coronary artery disease, 5 and acute coronary syndrome (ACS), 6 obesity is associated with lower mortality than normal weight, a phenomenon referred to as the "obesity paradox." 5 ACS is among the most important causes of mortality in patients with diabetes mellitus, and weight maintenance or reduction is encouraged by the secondary prevention guidelines for coronary artery diseases. 7 However, this recommendation is not based on direct evidence, especially in patients with ACS. Currently, only a few studies have examined the association between BMI and mortality after ACS manifestation in subjects with type 2 diabetes mellitus. 8, 9 Antidiabetic medications can be a confounding factor when investigating body weight and mortality, as they have varying impacts on body weight as well as on cardiovascular events and mortality rates. 10 However, previous studies of the obesity paradox did not sufficiently adjust for administered antidiabetic therapies. Therefore, it is important to stratify data by the antidiabetic therapies administered to patients when investigating the association between overweight and death in patients with diabetes mellitus and ACS.
To address the limitations of previous studies, we conducted a detailed analysis of the association between BMI and risk of death among patients with diabetes mellitus and ACS via a nationwide prospective observational study. We also aimed to evaluate the influences of different antidiabetic agents.
Methods
Because of the sensitive nature of the data collected for this study, requests to access the dataset from qualified researchers trained in human subject confidentiality protocols may be sent to Taiwan society of Cardiology at tsoc@tsoc.org.tw.
Study Design
The ACS-DM (Acute Coronary Syndrome-Diabetes Mellitus) Registry of the Taiwan Society of Cardiology (TSOC) is based on a prospective, nationwide, multicenter, observational study initiated by the Scientific Committee of the TSOC. This registry collects data pertaining to the population of patients with diabetes mellitus who have ST-segment elevation myocardial infarction, non-ST-segment-elevation myocardial infarction (NSTEMI), and unstable angina from 27 participating centers nationwide. Site selection for the registry was decided by the Scientific Committee of the TSOC to ensure good quality and representation of the population with diabetes mellitus and ACS. Patients are treated according to international or local guidelines and evidence-based strategies. The protocol and consent forms were consistent with the Declaration of Helsinki and all relevant regulations. The ethics committees of each participating hospital approved the study, and all enrolled patients provided written informed consent.
Data Collection
Patients' demographic data, clinical characteristics, biochemistry data, in-patient therapies, coronary lesion morphology, transthoracic echocardiography results, and in-hospital outcomes (including mortality, recurrent nonfatal myocardial infarction, and nonfatal stroke) were collected by trained study coordinators at the study sites. After hospital discharge, information from the first clinical follow-up visit as well as from 6-month, 1-year, and 2-year visits were acquired by telephone contact or review of the medical records. Medications at admission, during hospital stay, at discharge, and during regular follow-up were also collected retrospectively and prospectively. All data were then submitted electronically to a central laboratory for verification. To establish a complete lipid profile, we used the Friedewald formula to estimate lowdensity lipoprotein cholesterol levels if they had not been directly measured. Chronic kidney disease (CKD) was defined as an estimated glomerular filtration rate of <60 mL/min per 1.73 m 2 calculated using the modification of diet in renal disease formula.
Study Population
This study was based on the 1535 subjects enrolled in the TSOC ACS-DM registry between November 1, 2013, and September 30, 2016, who were diagnosed with ACS and type 2 diabetes mellitus according to current international guidelines. Briefly, patients who were 20 years of age or older and diagnosed with ACS were enrolled. The registry enrolls patients only once; that is, at the first ACS event, while subsequent ACS episodes are recorded as adverse events.
Clinical Perspective
What Is New?
• Obesity paradox does exist in patients with type 2 diabetes mellitus and acute coronary syndrome, but the survival benefit of obesity was absent in those receiving insulin therapy.
• Our findings imply that this paradox phenomenon persisted not only in the high-risk condition but was also modified by antidiabetic therapies.
What Are the Clinical Implications?
• This study highlighted the safety issue of insulin therapy in obese patients during acute coronary syndrome.
• Further randomized control studies are warranted to evaluate both safety and efficacy of insulin therapy in acute coronary syndrome. , and current cigarette smoking status. These variables were selected based on traditional risk factors, established clinical factors for mortality after ACS, evidence-based medication, management that influences mortality after ACS, and the control status of hyperglycemia during ACS. Moreover, we evaluated the effects of various antidiabetic agents on the association between BMI and all-cause mortality. These antidiabetic agents were classified as (1) insulin sensitizers (including metformin and pioglitazone), (2) insulin secretagogues (including sulfonylurea and meglitinides), (3) inhibitors of dipeptidyl peptidase-4 enzyme, and (4) insulin. Medication information was obtained from the prescriptions upon discharge following the index admission.
Statistical Analysis
Categorical variables were expressed as percentages and continuous variables as mean values with SDs. The differences in the categorical variables among the 4 BMI groups were examined using the chi-square or Fisher's exact test, while differences in continuous variables were tested by 1-way ANOVA. The survival curves of the 4 analyzed BMI groups (underweight patients were excluded) were generated using the Kaplan-Meier method and were compared using the logrank test. Cox proportional-hazard regression analyses were performed to identify the association between BMI categories and all-cause mortality. Variables entered into the univariate analysis were elected focusing on clinical factors, severity factors, procedural factors, and medication factors. Because the proportional hazard assumption was not valid for BMI categories by graphical method, a time-dependent Cox model was used instead. Variables with P<0.2 in the univariate analysis and relevant factors related to mortality after ACS, including CKD, hemoglobin A 1c , and beta-blocker, were entered into the multivariable Cox model. The residual patterns of final model were examined across the covariates. We further conducted propensity score-adjusted analysis to examine the robustness of our results. The interactions of antidiabetic agents, age, smoking, and CKD on the relationship between BMI and mortality were assessed by introducing cross-product interaction terms as independent variables (ie, antidiabetic agents9BMI categories) in the Cox regression model separately. As we found the association between obesity and mortality was modified by insulin therapy, we divided the study cohort into the insulin and noninsulin groups. Time-dependent Cox proportional hazard regression analysis was performed for each of these 2 groups with the same prespecified covariates described above. All analyses were performed using SAS statistical software (SAS System for Windows, version 9.4; SAS Institute, Cary, NC). All P values reported are 2-sided, and the significance level was set at <0.05.
Results
The baseline characteristics of our cohort are shown in Table 1 . Overall, the mean age was 64.1AE11.9 years, and 74% of the patients were male. The mean hemoglobin A 1c level was 8.2AE1.9% (66 mmol/mol), and the mean follow-up duration was 556 days. The proportions of patients in the 4 BMI categories were as follows: normal weight, 30.3%; overweight, 30.5%; class I obese, 22.6%; and class II/III obese, 16.6%. The obese patients were younger with more comorbidities such as hypertension, hyperlipidemia, and a higher prevalence of myocardial infarction history. No significant differences in the indicators of ACS severity were found among the BMI groups, including left ventricular dysfunction, intra-aortic balloon counterpulsation/inotropic agent support, or multiple-vessel diseases (except left main coronary artery disease, which was marginally lower in the obesity group). Most patients received revascularization therapy during the index hospitalization, including percutaneous coronary intervention (80%) and coronary artery bypass grafting (4%). The types and proportions of revascularization therapy did not differ between the BMI groups, and the administered evidence-based medications for ACS were not different at discharge except for greater angiotensin-converting enzyme inhibitor /angiotensin II receptor blocker use in the overweight and all classes of obesity groups. Moreover, the proportions of each administered antidiabetic agent were similar between the BMI groups ( Table 1) . The cumulative mortality rate in this study was 41 deaths per 1000 person-years (n=74) during the follow-up period. This mortality rate was highest in the normal weight group (65 deaths per 1000 person-years; n=35) and lowest in the class I obese group (21 deaths per 1000 person-year; n=9). Kaplan-Meier survival analysis demonstrated significant differences in mortality between the BMI groups (P=0.006, logrank test for trend) (Figure 1 ). The crude analyses of BMI levels showed a significant protective effect for class I obesity in comparison to normal weight with respect to allcause mortality in time-dependent Cox regression model (Table 2 ). In the final multivariable-adjusted model, decreased left ventricular ejection fraction, use of dual-antiplatelet medications, use of statins, and class I obesity remained independent predictors of mortality (adjusted hazard ratio for class I obesity: 0.14; 95% CI, 0.02-0.99; P=0.049), even after stratification by follow-up intervals (Table 2 ). In the analysis by propensity score-adjusted model, all the overweight and obesity groups showed protective effect compared with the reference normal-weight group, with the risk nadir at type 1 obesity group (Table 3 , all cohort). The relationship between BMI and mortality was reexamined after exclusion of inhospital mortality data. The sensitivity analysis after excluding in-hospital mortality showed a consistent relationship, hazard ratio of mortality, 0.78 (CI, 0.29-2.09; P=0.616) for overweight group, 0.11 (CI, 0.02-0.56; P=0.009) for class I obesity, and 0.57 (CI, 0.16-2.03; P=0.382) for class II obesity.
Because the interaction term analysis was limited by the absence of mortality events in patients of the class I obese group receiving insulin sensitizer therapy, class I and class II/ III obese patients were considered a single "obese group" when exploring the roles of different antidiabetic agents. The interaction analysis showed that the use of insulin therapy modified the obesity paradox (P for interaction=0.045); however, factors that modified the obesity paradox in previous studies, including age, smoking, and CKD, did not modify the BMI-mortality relationship in our study. 12, 13 When the patients were stratified by insulin use, the protective effect of obesity was absent in insulin-treated patients (adjusted hazard ratio, 0.95; 95% CI, 0.26-3.56; P=0.944) but present in non-insulin-treated patients (adjusted hazard ratio, 0.26; 95% CI, 0.08-0.89; P=0.032). (Figure 2) . Kaplan-Meier analysis demonstrated that survival in the non-insulin-treated group was similar to the main cohort overall (Figure 3) . The discrepancy between insulin-and non-insulin-treated groups remained in the propensity score-adjusted analysis (Table 3) . 
Discussion Main Finding
We showed that elevated BMI had a significant inverse association with midterm survival of patients with ACS and diabetes mellitus. Interestingly, this reverse association was observed only in patients receiving oral antidiabetic agents.
BMI and Mortality
The concept of the obesity paradox in coronary heart disease was first introduced in 2002 by Gruberg et al, 5 who noted that overweight and mild obesity patients had lower mortality after percutaneous coronary intervention than normal-weight patients. In patients with ACS, data extracted from the Swedish Coronary Angiography and Angioplasty Registry as well as the National Cardiovascular Data Registry show a U-shaped relationship between BMI and mortality, with the lowest mortality rate in overweight individuals. 6, 14 When patients with type 2 diabetes mellitus developed ACS, their mortality rates were nearly twice that of patients without diabetes mellitus. In patients with both diabetes mellitus with ACS, unfavorable clinical outcomes were observed, including more extensive small-vessel coronary artery disease with diffuse atherosclerosis detected via angiography, a higher rate of heart failure, and CKD. 15 However, the presence of the obesity paradox in this very high-risk population remains unclear. In a German population-based acute myocardial infarction registry, elevated BMI was associated with significantly improved survival only in the non-diabetes mellitus group, while the opposite was true in the diabetes mellitus group. 8 However, higher mortality was found in nonobese patients listed in the DIAMOND (Diabetic Acute Myocardial Infarction Disease) Korean multicenter registry. 9 The inconsistent data from these registries might be explained by the different study designs and ethnicities of the subjects. In our cohort, there were higher-risk clinical presentations including left main disease (7.7%), CKD (34.5%), and previous myocardial infarction (15.3%), but fewer evidence-based medications than in the German and Korean registry. Nevertheless, patients with class I obesity had the lowest mortality rates, and those with normal weight the highest. There are many explanations for the obesity paradox. One is that most obese patients are younger, which usually implies less severe coronary artery disease and the ability to administer more aggressive medical treatments for secondary prevention.
14, 16 Our study showed that BMI was inversely correlated with age and directly proportional to the administration of angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers. Otherwise, beta-blockers, statins, dual-antiplatelet therapy, and coronary revascularization strategies were similar among the BMI groups. Although there was a higher prevalence of left main and multiple-vessel diseases in our cohort (59.8%) than in other published studies, no significant differences between the BMI groups were found. The obesity paradox persisted even after multivariate confounding risk adjustment. In consideration of the possibility that age may drive the BMI relationships to mortality, interaction term analysis and residual analysis were conducted, and both analyses showed no interference by age. In addition to the standard regression approach, adjustment of confounders by propensity score approach revealed agreements in the results.
Another possible explanation for the obesity paradox is reverse causality secondary to an underlying malignancy, chronic medical illness, or frailty. These conditions may be associated with higher mortality in and of themselves, or with a decreased metabolic reserve to cope with the increased metabolic demands of acute stress or revascularization. 6 To eliminate these confounding effects, we excluded patients with potential cachexia (BMI <18.5 kg/m 2 ), malignancy, and advanced CKD and end-stage renal disease, as these patients presumably respond poorly to current evidence-based medicine and have high mortality rates despite optimal management. In the excluded cohort of 314 patients, 50 died (a mortality rate of 15.9%; data not shown). Furthermore, there is considerable evidence that the adiponectin produced in adipose tissue has direct cardioprotective effects on the infarcted myocardium, 17 which may potentially explain the role of obesity in reducing mortality rates in ACS patients.
Role of Antidiabetic Therapy
Patients with type 2 diabetes mellitus have an elevated risk of cardiovascular morbidity and mortality, and data describing the effects of different antidiabetic medications have shown variability in cardiovascular outcomes and mortality. Furthermore, such antidiabetic agents have different impacts on body weight change, which is decreased by SGLT2 (sodium-glucose cotransporter 2) inhibitors and glucagon-like peptide-1 agonists, unchanged by metformin and dipeptidyl peptidase-4 inhibitors, and increased by sulfonylurea, meglitinides, thiazolidinediones, and insulin. 18 The change in body weight due to antidiabetic therapies has been proposed as a possible mechanism of their exerting of survival benefits, which is why such therapies constitute an important confounder that requires further investigation. In our subgroup analyses of antidiabetic therapies, the inverse relationship between BMI and mortality persisted only in patients who were using oral antidiabetic agents but not in those on insulin therapy. Our data might partly explain the inconsistent results between the previous DIAMOND registry study, in which the obesity paradox was present and only 12% of patients received insulin therapy, versus the German population-based registry study, in which 47% of patients received insulin therapy and no survival benefit was observed in the high-BMI group. 8, 9 Insulin therapy may modify the BMI-mortality relationship for several reasons. Generally, patients who receive insulin therapy have long durations of diabetes mellitus, decreased pancreatic reserve, increased insulin resistance, and more diabetes mellitus-related comorbidities. Hence, an advanced disease state may dampen any benefits of obesity. Moreover, insulin therapy has been shown to reduce the levels of potentially cardioprotective adiponectin in obese patients. 19 Nolan et al 20 proposed that exogenous insulin could override the physiologic protective effect of insulin resistance in the myocardium in overweight and obese patients, especially those who cannot restrict caloric intake or experience body weight gain after insulin therapy. Such metabolic stress can deteriorate myocardial contractility and induce arrhythmia.
Another possible mechanism is insulin-related weight gain, especially in obese patients, may worsen glucose control as well as the hemodynamic and metabolic profile, which might lead to increased insulin doses and the administration of other preventive medication. 21 Consequently, the rate of severe hypoglycemic events could increase because of highdose insulin. All the aforementioned factors can potentially affect short-term and midterm mortality in patients in the post-ACS phase. However, our study did not test all these potential mechanisms; hence, the differential effect and safety of insulin therapy in obese patients requires further investigations.
Limitations
First, this was an observational study that provided only associative, not causative, evidence; hence, our findings should be interpreted with caution. Second, selection bias, residual confounding factors, and survival bias might exist attributable to the fact that only survived, discharged patients were included in the registry. Third, 2.3% of the data on mortality outcomes from 1221 subjects were excluded because of their unavailability (data not shown), mostly because these individuals transferred to other hospitals for long-term follow-up (except for 1 patient who died at an unknown time). Fourth, we excluded subjects with advanced CKD, endstage renal disease, and malignancy to minimize the effect of unintentional weight loss or weight gain. Fifth, empagliflozin and liraglutide have been shown to provide survival benefits in recent clinical trials, whereas only a few patients (n=15) were prescribed SGLT2 inhibitors in our study, and none were prescribed glucagon-like peptide-1 agonist. Thus, we suppose that these would not affect the outcome. Finally, the cutoff points of obesity varied slightly between Asia and Western countries, reducing the applicability to other populations. However, the relations between BMI, mortality and antidiabetic agents were still applicable.
To our knowledge, ours is the first prospective cohort study to determine the role of antidiabetic agents in the relationship between BMI and mortality. We confirmed that the obesity paradox is maintained in patients with both type 2 diabetes mellitus and ACS not receiving insulin therapy. The relationship between BMI and all-cause mortality in patients with type 2 diabetes mellitus and ACS was U-shaped, with the lowest and highest mortality rates observed among class I obese patients and the normal weight population, respectively. The survival benefit of obesity was abolished in those receiving insulin therapy. This study highlighted the safety concern of insulin therapy in obese patients during ACS. Further randomized control studies are warranted to evaluate the safety and efficacy of insulin therapy in ACS.
